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2 [11
$D,$ $G,\rho,\hat{p}$
$0= \rho\frac{\partial v}{\partial t}+\nabla(D+G+\hat{p})=\nabla(\rho\frac{\partial\varphi}{\partial t}+D+G+\hat{p})$ (1)
$\nabla\cross v=0$ $v=\nabla\varphi$
$\varphi(x,y_{Z})$ Bemoulli
$(z=\zeta)$ $C,$ $T,$ $p_{0}$
$\hat{p}_{z=\zeta}=(C+T+p_{0})_{z=\zeta}$ (1)
$0= \rho\frac{\partial v_{2}}{\partial t}|_{z=\zeta}+\nabla_{2}(D+G+\hat{p})_{z=\zeta}=\rho\frac{\partial v_{2}}{\partial t}|_{z=\zeta}+\nabla_{2}(D+G+C+T+p_{0})_{z=\zeta}$
$\partial v_{2}$




$\rho\partial\varphi/\partial t+S=f(t)$ , $(z=\zeta)$ . (3)
$h_{X,Y},$ $b_{Z},\mu_{j},$ $[\cdots]$ /
$(j=+/-)$ . ( - )
$\tau\equiv-[1/\mu_{j}]\{r^{r_{+}\mu_{-}(h_{X}^{2}+h_{Y}^{2})+b_{Z}^{2}\}\int 2}$ . (4)
$\zeta(R)$ $S(R)$ $R=(X, Y)$
$k_{\mu}$
$\Phi^{(zS)}(R)$

















$\nabla_{2}^{2}H+k^{2}H=0,$ $d^{2}Z\int dz^{2}-k^{2}Z=0$ (8)
$\varphi(x,y,z)=H(x,y)(Ee^{kz}+Fe^{-kz})$ $\nabla_{2}=(\partial/\partial x,\partial/\partial y)$ ,
$k$ $v_{z}|_{z=-d}=0,$ $\nu_{z}|_{z=\zeta}=\partial\zeta/\partial t$
$E,$ $F$ $H(x,y)$
$\varphi=\frac{\cosh k(z+d)\partial\zeta}{k\sinh kd\partial t},$ $v_{z}= \frac{\partial\varphi}{\partial z}=\frac{siffilk(z+d)\partial\zeta}{\sinh kd\partial t}$ . (9)
$0= \frac{\partial}{\partial t}(\nabla\cdot v)|_{z=\zeta}=\frac{\partial}{\partial t}\frac{\partial\nu_{z}}{\partial z}|_{z=\zeta}+\nabla_{2}\cdot\frac{\partial v_{2}}{\partial t}|_{z=\zeta}$ (10)
$v_{2}=(v_{x},\nu_{y})$ (9) (2)
$0= \frac{\partial}{\partial t}(\frac{k\partial\zeta}{\tanh kd\partial t})+\nabla_{2}\cdot(-\frac{1}{\rho}\nabla_{2}S)$ . (11)
(5) $\zeta$ $S$
$\nabla_{2}^{2}S+k^{2}S=0$ (6) (11) $\tilde{\zeta}$
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$\zeta^{1}\propto\exp\{i(\omega t-k\cdot r)\}$ (6)
$\omega^{2}=gk+(\gamma/\rho)k^{3}-(M_{n}^{2}\int 2\rho P)k^{2}\equiv h(k)$ . (13)





Fig. 1; ( ) ( ).
Fig. 1( )
$H_{0}$ $\omega^{2}$ $H_{0}$











$\zeta^{0}(R)$ (6) $\tilde{S}(\zeta^{0}\sim+\zeta)\simeq\tilde{S}(\zeta)\sim 1\sim 0+H(\zeta)\zeta\sim 0\sim 1$
$\frac{\partial^{2}\zeta^{0}\sim}{\partial t^{2}}=-\frac{k}{\rho}S(\zeta^{0})\sim\sim,$ $\frac{\partial^{2}(\zeta+\zeta)\sim 0\sim 1}{\partial t^{2}}=-\frac{k}{\rho}S(\zeta^{0}\sim\sim+\zeta^{1})\sim\simeq-\frac{k}{\rho}S(\zeta^{0})-\sim\sim\frac{k}{\rho}H(\zeta)\zeta\sim 0\sim 1$ (15)







$h_{X,Y}^{0}=t_{X,Y}\cdot h^{0},$ $b_{z^{=}}^{0}t_{Z} \cdot h^{0}\int P$











$r’$ $\psi(|r’-r|)=-1/4\pi|r’-r|$ 3 Poisson
$\Delta’\psi=\delta(r’-r)$ $\iint_{F}dS’$ $F$ $r’$
3 Hilbert
$\hat{G}_{I}F(X,Y)\equiv t_{I}\cdot\hat{G}F(X’,Y’)(I=X, Y,Z),\hat{G}F(X,Y)\equiv 2\int\int_{F}dS’(\nabla’\psi)F(X’,Y’)$ , (18)
$\hat{H}_{X},{}_{Y}F(X, Y)\equiv-M\hat{G}_{X},{}_{Y}F(X, Y)$ , $\hat{H}_{Z}F(X, Y)\equiv-(M/P)\hat{G}_{Z}F(X, Y)$. (19)
3 (17)
(20)
3 Poisson $\psi,$ $\nabla\cross f=0,$ $\nabla\cdot f=0$












$t_{Z}\cdot f_{\pm}^{1}=b_{Z}^{1}\mp\mu_{\pm}Mb_{z}^{0},$ $t_{X,Y}\cdot f_{\pm}^{1}=\mu_{\pm}h_{X,Y}^{1}$. (23)
(18) $G$ ( $F$ )
$f_{\pm}^{1}=t_{Z}\cross(f_{\pm}^{1}\cross t_{Z})+t_{Z}(f_{\pm}^{1}\cdot t_{z})$ (22)
(23)










:$\phi^{+}$ $\mu_{+}$ : $\phi^{0+}$ $\mu 0$ :: :
$B$ $\cdots\cdots$ .. $\cdots\cdots$ :
Fig. 2: $(+)$ . $($-$)$ $\phi^{\pm}($ $)$ $\phi$0$\pm$ ( ).
$T$ : $B$ : $F$ :
$(+)$ . $(-)$ $\phi^{\pm}$
$\phi^{0\pm}$ (Fig. 2). $\phi^{\pm}$ $\phi^{0\pm}$ 3










$T \equiv 2\int\int_{T}dS^{-\prime}\cdot\{(\phi^{-\prime}-\phi^{0-\prime})(\nabla’\psi)-\psi(\nabla’\phi^{-J}-\nabla’\phi^{0-\prime})\}$ , (28)
$B \equiv 2\int\int_{B}dS^{+/}\cdot\{(\phi^{+/}-\phi^{0+/})(\nabla’\psi)-\psi(\nabla’\phi^{+/}-\nabla’\phi^{0+/})\rangle$ . (29)
(26) $\nabla\psi=$









$b_{Z}^{+}=-b_{Z}^{-}\equiv b_{Z}$ . (33)
$\phi^{0+}=\phi^{0-}=\phi^{O},$ $\nabla\phi^{0+}=\nabla\phi^{0-}=\nabla\phi^{0}$ . (34)









$2 \int\int_{F}(\nabla’\psi)dS’(t_{Z}’\cdot\nabla’\Phi’)=\delta[t_{Z}\cdot\nabla\Phi]$ . (37)
(33) $b_{Z}^{+}=\mu_{+}t_{Z}^{+}\cdot\nabla\phi^{+},$ $b_{Z}^{-}=\mu_{-}t_{Z}^{-}\cdot\nabla\phi^{-}$







$\nabla(T+B)\equiv 2g,$ $t_{I}\cdot\delta\equiv\hat{G}_{1}(I=X, Y, Z)$
$\{\begin{array}{l}(P+M\hat{G}_{Z})b_{Z}^{1}=-M\hat{G}_{Z}b_{Z}^{0}+t_{Z}\cdot g,h_{X,Y}^{1}+M\hat{G}_{X,Y}b_{Z}^{1}=-M\hat{G}_{X,Y}b_{Z}^{0}+t_{X,Y}\cdot g.\end{array}$ (40)
(40) 3 (17)








$= \int\int_{T}dS’\{(\nabla’\psi)\frac{\partial\phi^{1-\prime}}{\partial Z’}-\phi^{1-\prime}\frac{\partial(\nabla’\psi)}{\partial Z’}\}$
$+ \int\int_{B}dS’\{(\nabla’\psi)\frac{\partial\phi^{1+\prime}}{\partial Z’}-\phi^{1+/}\frac{\partial(\nabla’\psi)}{\partial Z’}\}$ . (43)
(41) $\phi^{1\pm/}\equiv\phi^{\pm/}-\phi^{0\pm/}$ (42)
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